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Open access under the ElThe safe use of herbal medicines requires prior authentication of the raw materials used to make them.
This is an important step, since the ingestion of herbal preparations or extracts can cause serious health
problems. Among the different analytical techniques, nuclear magnetic resonance (NMR) spectroscopy
has the advantage of being non-invasive and therefore suitable for the characterization of natural prod-
ucts such as medicinal plants. This work presents a characterisation study of the samples of the popular
plant Maytenus ilicifolia, obtained from different commercial producers. This plant is used for the treat-
ment of gastrointestinal disorders, as it possesses antitumorigenic, analgesic, anti-inﬂammatory and anti-
oxidant properties. The differences in the chemical structure and molecular organisation detected by
thermogravimetric analysis (TGA), infrared spectroscopy (FTIR) and nuclear magnetic resonance spec-
troscopy (NMR) were also investigated by proton nuclear magnetic resonance relaxometry, in particular
by fast ﬁeld cycling (FFC) relaxometry, and relaxometry in the rotating frame. All results conﬁrmed the
similarity between the control sample and only one of the plant investigated. The differences detected
between the samples could be related to their non-authenticity, due to the non recognise the plant
due to the leaves similarity among plants from the same family and/or contamination, due to addition
of similar other plants parts to the commercial ones, as they are mixed together this difﬁculties the accep-
tation of the plant.
 2012 Elsevier Ltd. Open access under the Elsevier OA license.1. Introduction
Due to the growing worldwide use of natural (or alternative)
remedies in recent years, there is a common concern of producers
and consumers regarding herbal authenticity. The authentication
process is necessary to ensure that the correct plant species are
used as raw materials for herbal medicines. This is an extremely
important control step for safety and efﬁcacy reasons, since the
ingestion of some plant extracts can cause health problems (e.g.,
‘‘toxic effects’’ (Gonzalez, Portela, Stipp, & Di Stasi, 2001) or induc-
tion of embryo deformations or even miscarriage (Chan & Ng,
1995).
The identiﬁcation tests adopted by regulatory agencies are
mainly based on the macro and microscopic characteristics,
chromatographic proﬁling and chemical reaction tests (Australian
Government, 2004). Due to the fact that each analysis has intrinsic
limitations, some agencies, like the Australian Therapeutic Goods
Administration, require a positive result from three or more tests
to conﬁrm a plant’s authenticity. For example, when dealing with
a heterogeneous matrix, optical microscopy might lead to non-ima.ufrj.br (M.I.B. Tavares).
sevier OA license.representative results, while the macro characterisation of a
sample depends on a subjective botanical examination. Therefore,
the search for new, simpler, faster and non-destructive techniques
to complement the traditional tests will contribute to the correct
use of natural products.
Several studies have reported the successful application of
ultraviolet, near and mid infrared, Raman, and nuclear magnetic
resonance spectroscopy (NMR) to test food authenticity (Reida,
O’Donnell, & Downey, 2006). All these techniques can also be used
to characterise multi-component systems like medicinal plants.
Nuclear magnetic resonance relaxometry is an experimental
technique that can also be used for food/plant authenticity studies
(Conte, 2009). This technique consists of measurement of the nu-
clear magnetic relaxation time: longitudinal (T1), transversal (T2),
and longitudinal in the rotating frame (T1q), which can be
correlated with the relevant properties of the studied materials
(Pedroza, Tavares, & Preto, 2006; Preto, Tavares, & Silva, 2007;
Tavares et al., 2007).
Most NMR relaxometry tests of food authenticity are performed
with benchtop NMR instruments, with lowmagnetic ﬁeld homoge-
neity, which does not allow the detection of both chemical shift
and scalar coupling splitting. For this reason, these techniques
are also known as time-domain NMR.
M.S.M. Preto et al. / Food Chemistry 136 (2013) 1272–1276 1273The well knownmagnetic ﬁeld dependence of the nuclear relax-
ation time can be monitored by variable ﬁeld NMR spectrometers,
with standard electromagnets (magnetic ﬁelds: 0.2–2.1 T), and by
fast ﬁeld cycling (FFC) NMR devices (magnetic ﬁelds: 0–0.2 T).
T1H relaxometry studies are usually conducted to obtain useful
information about the molecular mobility of the samples studied
(Kimmich & Anoardo, 2004; Tavares, Bathista, Silva, Filho, &
Nogueira, 2003; Sebastião, Cruz, Ribeiro, 2009).
In this work we present an NMR relaxometry study of the
authenticity or adulteration of Maytenus ilicifolia herbal plant sam-
ples from different producers. Our aim was to detect a T1H and
T1qH ‘‘relaxometric ﬁngerprinting’’ in correlation with the results
obtained by infrared spectroscopy (FTIR), thermogrametric analy-
sis (TGA) and high-resolution 1H NMR analysis. M. ilicifolia Mart.
ex Reissek is a very popular medicinal plant native to southern Bra-
zil and other areas of South America, known in Brazil as ‘‘espinhe-
ira-santa’’. Tisanes made from this plant are recommended for
gastrointestinal disorders like gastritis (Rattmann et al., 2006)
and ulcers (Cipriani et al., 2008). They are also reported to exhibit
antitumorigenic (Mossi, 2006) and analgesic activities (Gonzalez
et al., 2001), as well as anti-inﬂammatory (Jorge, Leite, Oliveira, &
Tagliati, 2004) and antioxidant activities (Pessuto et al., 2009).2. Experimental
2.1. Materials and methods
Four samples of M. ilicifolia were studied in this work. Sample A
was considered as control sample and purchased from the open
market, in the selected natural form, recognised by ‘‘herbal track-
ers’’ and later packed in a container for protection against moisture
and heat. Test samples of M. ilicifolia were obtained in different
commercial shops in the states of Rio de Janeiro and Rio Grande
do Sul. These samples here labelled B, C and D and were packed
in plastic bags for protection against moisture and heat.
The raw samples, composed of leaves and branches, were milled
and dried in an oven with air circulation for 1 h at 120 C. The plant
extracts were prepared using three grams of each dried plant in
20 ml of deuterated water (99.9% TediaBrazil) at 90 C for 30 min,
in a water bath.2.2. Thermal gravimetric analysis
Thermogravimetric analyses (TGA) were done in order to deter-
mine the maximum temperature of dehydration without degrada-
tion of the samples in solid state, using a TA Instruments Q500 TG
analyzer. The mass loss was determined between 30 and 700 C, at
a heating rate of 10 C/min, in a nitrogen atmosphere at a ﬂux rate
of 60 ml/min.2.3. Fourier transformed infrared
The Fourier transformed infrared (FTIR) measurements of theM.
ilicifolia samples were carried out in an Excalibur 3100 FTIR spec-
trometer, ranging from 4000 to 600 cm1 using the attenuated to-
tal reﬂectance (ATR).2.4. Nuclear magnetic resonance
2.4.1. Relaxometry measurements
The measurements of proton spin–lattice relaxation time (T1H)
in all M. ilicifolia extracts were done in the frequency range be-
tween 10 kHz and 43 MHz using different experimental set-ups
and techniques.The measurements above 9 MHz were done using the standard
inversion-recovery pulse sequence, with 5 s of recycle delay, al-
ways 5 times greater than the T1 value of each sample. The evolu-
tion time s was varied between 100 ls and 10 s. Two different
spectrometers were used: a 0.21–2.1 T variable magnetic ﬁeld
NMR spectrometer, with an Avance II NMR console, and a Maran
Ultra 23 (Resonance – Oxford, UK). All measurements were carried
out at 23 C (±1 C).
In turn, the measurements of T1 in the frequency range between
10 kHz and 9 MHz were done using a Fast Field Cycling (FFC) de-
vice developed at the Instituto Superior Técnico Departamento de
Física, Portugal (Sousa, Domingos, Cascais, & Sebastião, 2010).
The analysis temperature was 23 C (±0.5 C).
In the FFC NMR relaxometry, the samples were submitted to the
ﬁeld cycles BPolarisation (BP)? BEvolution (BE)? BDetection (BD) (in gen-
eral BP = BD). In each cycle, the sample remained subjected to the BE
ﬁeld during a time s. After the BE? BD transition, a pulse of radio-
frequency fD was applied to the sample in resonance with the Lar-
mor detection frequency,fD = cBD/2p. The free induction decay
(FID) was detected and the sample left to relax to equilibrium dur-
ing a stabilisation time ﬁve times longer than the value of T1(BD).
The cycle time was always greater than the stabilisation time.
The initial amplitude of the free induction decay signal was pro-
portional to the magnetisation Mz (s). The decay of Mz (s) can in
general be multi-exponential with different relaxation times T1,i
(i = 1,. . ., n). In the case of two independent relaxation times T1,1
and T1,2, Mz (s) can be written as:
MzðsÞ ¼ Mz0 þM01es=T1;1 þM02es=T1;2 ð1Þ
where: Mz0 ¼ Mzðs!1Þ. M01 and M02 are the weigths of the con-
tributions corresponding to each relaxation time. In the case of just
one component, Eq. 1 can still be used considering M02 = 0.
Since the FID is always detected when the magnetic ﬁeld has
the value BD, the T1,i(Be) was obtained with the same signal-to-
noise ratio, independent of the value of Be, which is the major
advantage of using the fast ﬁeld cycling technique.
T1 was determined for different values of BE, that is, for different
values of the expression f ¼ fE ¼ cBE=2p. In all cases, the sampling
ofMz (s) was done with 25 values of s between 5 and 2500 ms. The
stabilisation time (recycle delay) was always 5 times greater than
the T1 value for each sample, varied between 0.5 s and 2.5 ms. Due
to the small amplitude of the FID signals, an average of at least 20
scans was performed in order to decrease the uncertainty of the
measured Mz (s).
The T1qH measurements were carried out in a Maran Ultra 23
device (Resonance – Oxford, UK) at 23 C (± 1), using a receiver
gain of 20, 64 scans, recycle delay of 12 s, spin-lock of 40 kHz
and 256 echoes for the M. ilicifolia samples in the solid state.
2.5. 1H solution NMR analysis
The 1H solution NMR spectra of the extracts of each M. ilicifolia
sample were acquired in a Varian Mercury 300 spectrometer, oper-
ating at a 1H frequency of 300 MHz. The analyses were carried out
at 40 C, with a recycle delay of 1 s, using deutered water as sol-
vent. The acquisition time was 3.3 s and the spectral width was
5200 Hz for the samples of M. ilicifolia extracts.3. Results and discussion
3.1. TGA results
The TGA curves for all M. ilicifolia samples in solid state were
shown in Fig. 1. All samples presented almost no signiﬁcant loss of
weight at temperatures below 200 C, which might be associated
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Fig. 2. FTIR obtained from Maytenus ilicifolia control sample A and commercial
samples B, C and D, after the dehydration in an oven at 120 C for 1 h.
Fig. 3. Average relaxation time T1, with their error bars, as a function of frequency,
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the weight loss behaviour was similar for all samples in relation to
identical degradation processes of the polysaccharide components,
such as cellulose and hemicellulose (Li, Li, Zhang, & Su, 2001; Li, Li,
Zhang, & Su, 2002; Soares, Ricardo, Jones, & Heatley, 2001). From
350 to 700 C, some similar behaviour between the curves of sam-
ples A and C can be seen. Sample B presented a more accentuated
weight loss between320 and450 C than do samples A, C andD. This
temperature range can be attributed to a weight loss of lignin. The
behaviour of sample D was also distinct from samples A and C at
temperatures from 350 to 700 C. The thermogravimetric curves
indicate that the weight loss of samples A and C behaves similarly,
which can probably be attributed to the similarity in the chemical
structural organisation.
3.2. FTIR results
Fig. 2 shows the FTIR spectra of all herb samples, with bands re-
lated to molecular vibrations located at 671, 1024, 1510, 1608,
1724, 2355, 2918, 3290 and 3726 cm1. For samples A and C, some
similarity of the FTIR bands are observed at 1024, 1510, 1608,
2918, 3290 and 3726 cm1, corresponding to CH and C–C angular
deformations and bending vibrations, CH2 scissor and C@C stretch-
ing vibrations, CH2 axial deformation, NH + OH associated and
NH + OH non-associated, respectively (Soares et al., 2001; Silver-
stein, Webster, & Kiemle, 2006). Comparing the bands of samples
A and D shows the presence of a slightly pronounced band at
1724 cm1 in sample D. This band corresponds to axial deforma-
tion of C@O. This difference suggests a structural organisation dif-
ferentiation between the two samples. On the other hand,
comparing the bands with samples A and B shows a difference in
the band located at 2918 cm1, which corresponds to axial defor-
mation of CH2. For sample B, the band is practically absent, a result
that can indicate a difference in the molecular structural organisa-
tion of the two samples. These results conﬁrm that samples A and
C similar behaviour, which is the same result in their chemical
structural organisation and support the results already found for
TGA.
3.3. Low-ﬁeld NMR results
Fig. 3 shows the relation of the proton spin–lattice relaxation
data versus the frequency range varying from 10 kHz to







Maytenus ilicifolia control A
Maytenus ilicifolia commercial B
Maytenus ilicifolia commercial C












Fig. 1. Thermogravimetric curves obtained from control sample A and commercial
samples B, C and D, after dehydration in an oven for 1 h at a temperature of 120 C.
obtained for the M. ilicifolia extracts from control sample A (s) and commercial
samples: B (d), C (h) and D (e).
Table 1
T1qH relaxation time values for all herbs in solid state.
T1qH relaxation time




D 0.8 4.5From the curves it could be seen that samples A and C show similar
behaviour, the same result observed by FTIR spectroscopy and TG
analysis.3.3.1. T1q results
The proton T1q values are listed in Table 1. Two values of this
parameter – a short one, related to the rigid part, and the other
Fig. 4. 1H solution NMR spectra obtained at 300 MHz for the extracts of Maytenus ilicifolia plants in deuterated water.
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analysed according to the samples’ molecular domains.
According to the results listed in Table 1, the T1q decay curves
presented at least two distinct relaxation domains (or compo-
nents) for all the samples. Considering that these plant samples
have a complex system composed mainly of proteins, polysaccha-
rides, ﬁbres, water and glycerides, it is possible to attribute the
shorter one (T1qshort) to low molecular mobility components, due
to its strong intermolecular interactions, like polysaccharides, pro-
teins, ﬁbres and adsorbed water, while the longer components
(T1qlonger) can be attributed to more mobile components, like glyce-
rides, therpenes and others (Hickey et al., 2006; Masih, Roginski,
Premier, Tomkins, & Ajlouni, 2002; Schaefer & Stejskal, 1977;
Villela, 1998). Analysis of the short T1q values of samples A and
C, due to the proximity of the values of these samples seem to be
more similar than the others. These results also pointed out the
similarity between samples A and C, and consequently some
molecular differences of samples A, B and D. This qualitative obser-
vation conﬁrmed that the NMR relaxation data can be used to
monitor the structure of plant samples in order to differentiate
and/or identify them.3.4. 1H solution NMR
According to the results described before, we have prepared
some water extracts from the herbs and analysed them by 1H solu-
tion NMR. Fig. 4 shows the hydrogen spectra obtained for all the
samples, under the same conditions. Due to the heterogeneous
composition of the extract, which is composed of many different
and volatile substances, it is difﬁcult to interpret these spectra.
Therefore, it was possible to observe that in the range 0.5–
4.5 ppm, the spectra of samples A and C present the same basic
lines and consequently there is some similarity in the components
detected after the extraction processing. Under the same frequency
range, the spectra of samples B and D are considerably different
from those of samples A and C. The region in analysis belongs to
the ﬁxed oil and monosaccharides, disaccharides and polysaccha-
rides, as well as therpenes and other volatile components. These
qualitative observations lead to the same conclusion about the
similarity between samples A and C according to their chemicalorganisation and constitution and the differences between them
and samples B and D.
4. Conclusion
The TG, FTIR and 1H solution NMR results showed a similar
structural organisation between samples A and C and conﬁrmed
the differences of samples A, B and D. FFC NMR relaxometry,
through the spin–lattice relaxation measurements, provided useful
information about the differentiation of the studied M. ilicifolia
samples, in agreement with the results and conclusions of the
studies conducted using TG, FTIR and 1H solution NMR. The possi-
bility of using NMR relaxometry to differentiate plant samples and/
or plant extract samples of distinct origin seems promising, since it
is a non-destructive and less time consuming technique than other
experimental analytical methods. In fact, proton relaxation tech-
niques can be used to characterise natural plants without the use
of solvents, an important advantage since they are potential envi-
ronmental pollutants.
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